Proof of magnetic flux quantization by quantum mechanics
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Abstract

Currently, the quantum value of the magnetic flux is calculated based on the
assumption that the phase factor of the wave function has a single value, which
seems simple in terms of physical logic. Therefore, the quantum value of
magnetic flux was derived by applying the wave function superposition principle in
quantum mechanics, and the result was (hc/2e).
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1. Introduction

Using classical quantum theory in Faraday's Law of Electromagnetic Induction or
Canonic Momentum Equations, we showed that the magnetic flux quantum unit
value (hc/2e) passing through the ring hole of the conductor is not due to the
motion of two electrons in pairs, but rather to the motion of one electron. [1]
However, it was obtained from classical quantum theory and did not come out
using quantum mechanical logic.

In current quantum mechanics, magnetic flux quantum values are derived as
follows.

(p+%x4>2 2

————¢ + Vg =Eyp Ly v, =Eo, (1)
2m 2m

We can derive the following equation from the two equations of equation[2]

b= g, exp(—i%/A-dr) (2)
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In the equation(2), if the magnetic field is 0 in the path where the phase factor

exp(—iifA-dr) is closed, 1=exp(-i-=0)
hc he

the need to have a phase factor of 1 even if the magnetic flux has a finite value
It is to argue over the (single—valued) wave function.[3]

This means that the value of the quantum unit of the magnetic flux is (hc/e). But
this is an assumption and a plausible argument, but it doesn't seem convincing.

2. the main text
If a magnetic field 1s applied to a hole in a superconductor, the exponential term
in Equation (2) can be divided into two parts: the line intigral for the vector

potential A of exp(—iiﬁ‘cyﬁA-dr),Which consists of two parts: clockwise and

counterclockwise. Therefore, we can do it as follows.

1ed

W= @, exp(-——) (3)
eP
Wy = P, exo(+%) (4)

Here, the magnetic flux @ = ygA-dr.

Depending on the direction surrounding the magnetic field, one i1s + sign, while
the other 1s — sign.

However, it 1s not possible to know from a quantum mechanical point of view in
which one electron behaves.

It's like a double—slit experiment where you can see which of the two slits the
electron is going to pass

It is very similar to the situation where there is no one. One electron cannot pass
through two slits at the same time, but interference

To explain the pattern, an overlapping wave function is created and currently used

by adding the wave function @, and ¢, of electrons passing through each slit.

Ot Py =W (5)

This is what we do.
e )
v= (@ 9)32 = (@, expl-7 ) + w, expl——) )+2

W = 008(2—¢) W, (6)
C



The complex conjugate of the equation(6) is like this.

*

* d
$ = cos(%—) P, (7)
C

Multiply equation (6) with equation (7).

* P *
e = COS2(2—) W, W, (8)
C

If the equation(8) is integrated over the entire space, it develops like this.

Jpep dr? = COSZ(%) Jw, @, dr? (9)
_ 2 6@
1 = cos (—hc) 1
he
d=—nn=0,+1,+2....) (10)
2e

3. Conclusion

Although it is mysterious to think about the principle of creating a new wave
function by dividing the electron into two paths that wrap the magnetic flux
clockwise or counterclockwise, and then overlap the two wave functions to create
a new wave function, I am naturally amazed at the depth of nature when the
wave function superposition principle is borrowed and the magnetic flux quantum
value i1s derived simply like this.

Obviously, one electron cannot wrap its magnetic flux in both clockwise and
counterclockwise directions, but it must overlap and the electron acts along this
overlapping wave function.

This method is very similar to the superposition principle of combining the wave
functions of electrons passing through two slits to explain the electron
interference pattern in the double slit experiment.

It seems that this part has come to see one of the principles of nature's
operation that we did not know until now.
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